Recently, nitride-based materials have attracted much attention with large direct bandgap energy and high saturation electron drift velocity. For photodetectors (PDs) applications, various types of GaN-based PDs have been reported [1] [2] [3] . Among them, GaN-based metal-semiconductor-metal (MSM) PDs can be operated with high speed. To achieve high performance MSM PDs, it is important to achieve a high Schottky barrier height at the metal-semiconductor (MS) interface. A large barrier height can lead to small leakage current and high breakdown voltage which could result in improved responsivity and photocurrent to dark current ratio. To reduce leakage current, it is possible to insert an insulating layer between metal and the underneath semiconductor [4] [5] . In this study, we first reported the fabrication process and characteristics of GaN based metal-insulator-semiconductors (MIS) ultra-violet (UV) PDs using ZrO 2 as a current suppressing layer. The influence of inserting ZrO 2 layer on performance of MIS UV Schottky barrier PDs will also be discussed. Noise characteristics of this devices will also be analyzed.
Introduction
Recently, nitride-based materials have attracted much attention with large direct bandgap energy and high saturation electron drift velocity. For photodetectors (PDs) applications, various types of GaN-based PDs have been reported [1] [2] [3] . Among them, GaN-based metal-semiconductor-metal (MSM) PDs can be operated with high speed. To achieve high performance MSM PDs, it is important to achieve a high Schottky barrier height at the metal-semiconductor (MS) interface. A large barrier height can lead to small leakage current and high breakdown voltage which could result in improved responsivity and photocurrent to dark current ratio. To reduce leakage current, it is possible to insert an insulating layer between metal and the underneath semiconductor [4] [5] . In this study, we first reported the fabrication process and characteristics of GaN based metal-insulator-semiconductors (MIS) ultra-violet (UV) PDs using ZrO 2 as a current suppressing layer. The influence of inserting ZrO 2 layer on performance of MIS UV Schottky barrier PDs will also be discussed. Noise characteristics of this devices will also be analyzed.
Experimental and Result Discussions
The GaN-based MIS photodetectors in this experiment were all epitaxial grown on c-face (0001) sapphire substrates by metalorganic chemical vapor deposition (MOCVD) system. Before epitaxial growth, the sapphire substrates were annealed at 1150℃ in H 2 ambient to remove surface contamination. A low temperature GaN nucleation layer was deposited as 550 ℃. After the nucleation layer was grown, the temperature was raised to 1060 to ℃ grow a 3-μm-thick unintentionally doped GaN epitaxial layer with a growth rate of 2μm/h. For the growth of undoped GaN layers, trimethylgallium (TMGa) and NH 3 were used as source materials. The MIS PDs were then fabricated. The ZrO 2 insulating layer was deposited on GaN MIS PDs by RF-sputter, and annealed at high temperature (600 or 800℃) using the furnace. The thickness of ZrO 2 insulator is 30 nm and the deposition rate is 1 nm/min. Ni/Au (5/5 nm) contact electrodes were subsequently deposited onto the samples. The contacts of the device form two inter-digitated contact electrodes. The fingers of the contact electrodes were 10 μm wide and 150 μm long with a spacing of 10 μm. A while the photocurrent can reach around 1.82×10 -7 A. The smaller leakage current should be attributed to the large Schottky barrier height by using the insertion of this ZrO 2 insulating layer. As the results, the photo to dark current ratio under 20 V applied voltage bias is 1.05×10 3 . This large photo to dark current ratio can contribute to the fact that the dielectric constant of ZrO 2 is relative higher than other insulators.
The spectral response of the fabricated MIS PDs with ZrO 2 layers were shown in Fig.2 . It can be seen that cutoff wavelength occurred at around 360 nm. With incident light of 360 nm and an applied bias of 10V, it was found that the measured responsivity of the fabricated MIS PDs with ZrO 2 layers was 0.003 A/W. Here, we defined UV to visible rejection ratio as the responsivity measured at 360 nm divided by that at 450 nm. With 10 V applied bias, it was found that UV to visible rejection ratios were 22.8. This finding indicates a reasonable UV to visible rejection ratio as result of inserting a ZrO 2 insulating layer into the photodetectors. Figure 3 shows noise power spectra measured at room temperature for the fabricated MIS PDs with ZrO 2 layers. During the noise measurement, the applied bias is from 6 to 15V with a step of 3V. With a 6V applied bias, it was found that noise power density measured from the fabricated MIS PDs with ZrO 2 layers was about 8.37×10
-28 A/Hz. For a given bandwidth of B, the total square noise current could estimate by integrating S n (f) over the frequency range:
Assumed S n (f) = S n (1 Hz) for f <1 Hz. Thus, the noise equivalent power (NEP) can be given by:
Where R is the responsivity of the PDs. The normalized detectivity, D*, could then be determined by:
where A and B are the area of the PD and the bandwidth, respectively. Knowing the PD area and for a given bandwidth of 1 kHz. The noise equivalent power (NEP) and detectivity from the fabricated MIS PDs with ZrO 2 layers are shown in Fig 4. As shown in Fig. 4 , the NEP increased and D* decreased monotonically with the applied bias voltage. This is due to the fact that the increase in responsivity is much smaller than the increase of total noise current power as the applied bias increased. With 6V applied bias, 
Conclusions
In summary, GaN MIS UV photodetectors with ZrO 2 insulating layer were successfully fabricated and characterized. It was found that we can achieve the small dark current and large photocurrent to dark current contrast ratio from the proposed device with the use of ZrO 2 insulating layer. We also achieved large UV to visible rejection ratio from the photodectors with ZrO 2 insulating layer. Furthermore, it was also found that we can significantly reduce noise equivalent power and enhance detectivity by using this ZrO 2 insulating layer. 
